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Abstract

Background and aims—Prevalent valvular calcification (VC) is associated with stroke but 

little is known about associations of VC progression with stroke.

Methods—Progression (interval increase >0 Agatston units/year) of aortic valvular calcification 

(AVC) and mitral annular calcification (MAC) was assessed by two cardiac CTs over a median of 

2.4 years. We determined the risk of adjudicated total and ischemic stroke using Cox regression 

adjusted for cardiovascular disease (CVD) risk factors.

Results—We studied 5,539 MESA participants free of baseline CVD and atrial fibrillation. 

Baseline mean±SD age was 62±10 years; 53% were women; 83% had no progression of VC; 

15%, progression at one site (AVC or MAC), and 3%, progression at both sites. Over a median of 

12 years, 211 total and 167 ischemic strokes occurred. The number of sites with VC progression 
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(range 0–2) was not associated with total and ischemic stroke (all p>0.05). We found MAC 

progression to be associated with increased risk of total stroke [adjusted hazard ratio (95% CI) 

1.59 (1.11, 2.28)] and ischemic stroke [1.64 (1.10, 2.45)]. Results remained significant after 

further adjustment for baseline coronary artery calcification. After excluding participants with 

interim atrial fibrillation and coronary heart disease, findings were no longer statistically 

significant in fully-adjusted models. There was no interaction by age, sex, or race/ethnicity. There 

was no association with AVC progression and stroke.

Conclusions—Progression of MAC but not AVC over 2.4 years is associated with increased risk 

of total and ischemic stroke.

Keywords

Valvular calcification; stroke; epidemiology; aortic valvular calcification; mitral annular 
calcification

Introduction

Stroke is a leading cause of long-term disability and the 5th leading cause of death in the 

United States (US).1 Though the age-adjusted incidence rates of stroke have declined, the 

prevalence continues to increase with an estimated 2.5% of the adult US population having 

stroke between 2013 and 2016, with a projected increase of 20.5% by 2030 since 2012.1 

Ischemic stroke can result from atherosclerotic cardiovascular disease (ASCVD) or cardio-

embolism such as atrial fibrillation (AF).1, 2

The role of a baseline assessment of coronary artery calcium (CAC) and extra coronary 

calcification, markers of subclinical atherosclerosis, in predicting the risk of ASCVD, 

including stroke, has been well established in prior epidemiological studies.3–13 

Calcifications of the left sided heart valves -mitral annular calcification (MAC) and aortic 

valve calcification (AVC) - can be easily detected by echocardiography or computed 

tomography (CT) imaging. Even when asymptomatic, valvular calcification (VC) has been 

linked to increased risk for stroke, myocardial infarction, and vascular death, independent of 

traditional ASCVD risk factors.6, 12, 13 Notably, MAC and its progression have also been 

associated with AF, and AF is a major risk factor for cardioembolic stroke.8

However, whether progression of VC, as a marker of worsening subclinical atherosclerosis 

or as a risk factor for AF,8 is associated with incident stroke is uncertain. The progression of 

VC may help identify individuals at higher risk of developing stroke independent of the 

impact of baseline calcification. Though the relationship between arterial calcification and 

probability of plaque rupture remains unclear,14 VC progression may help identify 

individuals who are more likely to suffer a cardioembolic phenomenon from increased 

burden of atherosclerosis.

The morbidity and mortality associated with stroke, and the increasing cost of health care, 

highlight the importance of continued research aimed at identifying individuals at risk for 

stroke, who may benefit from additional targeted therapeutic intervention strategies. Due to 

this knowledge deficit regarding the relationship of VC progression and stroke as stated 
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earlier, we explored the impact of VC progression of MAC and AVC on incident total and 

ischemic stroke in a diverse multiethnic community-based cohort free from clinical ASCVD 

at baseline.

Materials and methods

Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective epidemiological study 

involving a diverse ethnic population of men and women enrolled from six US communities.
15 The study design and methods have been previously described15 and are available at 

http://www.mesa-nhlbi.org. In summary, a total of 6,814 White, African-American, 

Hispanic, or Chinese participants were enrolled from Forsyth County, NC; Northern 

Manhattan and the Bronx, NY; Baltimore City and Baltimore County, MD; St. Paul, MN; 

Chicago, IL; and Los Angeles County, CA between 2000 and 2002. At enrollment, 

participants were aged 45–84 years and free of clinical cardiovascular disease and AF. The 

institutional review board at each participating site approved the study, and each participant 

provided informed consent.

We included in our analysis 5,539 participants who had VC data assessed by cardiac CT at 

both Exam 1 (2000–2002) and Exam 2 (2002–2004) or Exam 3 (2004–2005) and were 

followed for the incidence of stroke (Figure 1). We excluded participants who had missing 

data on baseline VC (n=2), missing data on follow-up VC or the time between baseline and 

follow-up CT scans (n=1,063), missing covariates used in our main models (n=178), missing 

stroke events (n=3) and participants who developed stroke before the follow-up CT (n=29).

Covariate ascertainment

Information on age, sex, race/ethnicity, education and smoking status was derived from 

enrollment interview and questionnaire. A physical activity survey was used to ascertain the 

total metabolic equivalent of task (MET)-minutes/week of vigorous and moderate physical 

activity. A medication inventory approach was used to determine use of anti-hypertensives 

and lipid lowering medications. Body mass index (BMI, kg/m2) was calculated as weight 

divided by height squared. The blood pressure was the average of the last two of three 

measurements using a Dinamap automated blood pressure device. Blood obtained after a 12-

hour fast was used to measure total cholesterol, high-density lipoprotein cholesterol (HDL-

C), and triglyceride at a central core lab (the Collaborative Studies Clinical Laboratory at 

Fairview–University Medical Center, Minneapolis, Minnesota). Low-density lipoprotein 

cholesterol (LDL-C) was calculated using the Friedewald equation. Diabetes was defined as 

a fasting glucose ≥126 mg/dL, use of diabetes medication or insulin, or self-report. The 

Chronic Kidney Disease Epidemiology Collaboration equation16 was used to ascertain 

participants’ estimated glomerular filtration rate (eGFR).

Valvular calcification measurement

We define VC to include AVC and MAC. At MESA baseline visit (Exam 1), and at either 

Exam 2 or 3 (randomly assigned), participants underwent ECG-gated cardiac CT scanning 

by electron-beam CT at three centers and a four-slice multi-detector row helical CT at the 
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other three centers.17, 18 The Agatston scoring method was used to quantify VC.19 The 

scanning method, image reconstruction, and reading protocols have been previously 

reported.17 The equivalence across scanner types and inter-scanner reproducibility (kappa 

statistic of 0.94–0.96) has also been published.20, 21 Among the 5,539 participants included 

in our analysis, the mean, median, minimum and maximum time between baseline and 

follow-up cardiac CTs was 2.4, 2.4, 0.9 and 4.9 years.

Stroke ascertainment

This study includes stroke events that were ascertained from the follow-up CT scan to 

December 2016. Every 9–12 months, interim hospitalization was inquired from study 

participants or their next of kin. Medical records and death certifications were reviewed, and 

stroke events were adjudicated by a MESA committee, as detailed previously.22 This 

included fatal and nonfatal, ischemic, hemorrhagic, or unknown stroke type. Detailed 

description of MESA participant follow-up is available at http://www.mesa-nhlbi.org.

Coronary heart disease and atrial fibrillation events

In sensitivity analysis, we excluded individuals with incident coronary heart disease (CHD) 

events and incident AF events during follow-up. Incident CHD was defined as definite or 

probable myocardial infarction, resuscitated cardiac arrest, definite or probable angina (if 

followed by revascularization), and definite CHD death.23 Incident AF was ascertained by 

study ECGs at a follow-up visit consistent with AF, hospital discharge diagnoses, or 

Medicare inpatient and outpatient claims data for individuals enrolled in fee-for-service 

Medicare.24

Statistical analyses

Progression of VC was categorized as 0, 1, and 2 for no progression, progression at only one 

valve site (AVC or MAC) and progression at both sites (AVC and MAC) respectively. In 

another analysis, we created a dichotomous variable (AVC or MAC progression vs no AVC 

or MAC progression) by comparing participants with >0 Agatston units of change per year 

to those with ≤0 Agatston units of change per year between CT scans.8

We described baseline characteristics by progression of VC. We used multivariable-adjusted 

Cox proportional hazard regression to determine the hazard ratios (HRs) and 95% 

confidence intervals (CI) for incident total and ischemic stroke. Time to incident stroke was 

derived from the time of last follow-up CT scan to the stroke event. We ensured that the 

proportional hazards assumption was not violated using the Schoenfeld residuals in 

unadjusted models. Test for linear trend (p-for-trend) was derived by modeling the ordinal 

variable, VC progression, as a continuous variable. We assessed interactions by age, sex, and 

race/ethnicity.

We performed two supplemental analyses. First, we limited our analysis to participants with 

and without prevalent VC at baseline (i.e. Agatston score > 0) to explore if the association 

between VC progression and stroke depended on the presence or absence of baseline VC. In 

a second sensitivity analysis, we assessed if results differed after excluding participants with 

interim AF and CHD events.
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We examined a hierarchy of models. Model 1 included age (continuous), sex (male, female), 

race/ethnicity (White, Black, Hispanic, Chinese), MESA site (six centers), CT scanner types 

(four types). Model 2 included Model 1+ educational status, BMI (continuous), smoking 

status (never, former, current), pack-years of smoking (continuous, natural log transformed), 

and physical activity (continuous, natural log transformed). Model 3 (our main model) 

included Model 2 + systolic blood pressure (continuous), diastolic blood pressure 

(continuous), use of anti-hypertensives (yes, no), use of lipid lowering medications (yes, no), 

total cholesterol (continuous), HDL-cholesterol (continuous), LDL-cholesterol (continuous), 

diabetes status (yes, no) and eGFR (continuous). Model 4 included Model 3 + baseline CAC 

scores (0, 1–99, 100–399, and ≥400), to determine if associations were independent of 

baseline CAC.

The models with the ordinal variable - no progression, progression at only one valve site and 

progression at both sites – were additionally adjusted for the time between baseline and 

follow-up CT scans. The other exposures included time by presenting progression as annual 

change (Agatston score/year) as so we did not additionally adjust for time between CT scans 

in these models.

Statistical analysis was performed using Stata (version 15.1, College Station, TX, USA) and 

a two-tailed p-value of <0.05 was considered to be statistically significant.

Results

Baseline characteristics

Of the 5,539 participants included, the mean ± SD age was 61.9 ± 10.2 years, 52.6% were 

women, 39.6% White, 27.2% Black, 21.2% Hispanic and 12.1% Chinese, 12.4% had 

prevalent AVC and 9.0% prevalent MAC. After a median of 2.4 years, 83% had no 

progression of VC, 14% had progression at only one site (AVC or MAC), and 3% had 

progression at both sites (AVC and MAC). Table 1 shows the baseline characteristics of 

MESA participants by the number of sites with VC progression. The mean age, BMI, 

systolic blood pressure, triglyceride, and median pack-years of cigarette use among ever-

smokers was higher with a greater number of sites with VC progression. Similarly, the 

proportion of Whites, participants with diabetes, participants on anti-hypertensive and lipid-

lowering medications, participants with CAC score of 100 to 399 and ≥400, and participants 

who developed interim AF and CHD were also higher with a great number of sites with VC 

progression. On the other hand, mean eGFR, HDL-cholesterol, median physical activity 

level, proportion of women, Blacks, Chinese, and participants with CAC score of zero were 

lower, with a greater number of sites with VC progression.

Total stroke

We identified 211 cases of total stroke after a median of 12 years (62,463 person-years) with 

an unadjusted incidence rate (95% CI) of 3.38 (2.95 – 3.87) per 1,000 person-years. 

Progression of VC at 1 or 2 sites, compared to no progression, was associated with an 

increased risk of total stroke, but this did not reach statistical significance. In our 

demographic adjusted model 1, HRs (95% CI) of total stroke for progression of VC at one 
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site and two sites were 1.41 (1.01 – 1.97) and 1.52 (0.81 – 2.86), respectively, when 

compared to participants with no VC progression (p-for-trend=0.03) (Table 2). Results were 

not significant in our fully adjusted model 3 (p-for-trend=0.08). However, progression of 

MAC specifically was associated with incident total stroke. Comparing progressors and non-

progressors, the HR (95% CI) of total stroke for AVC was 1.11 (0.75 – 1.64) and for MAC 

was 1.64 (1.15 – 2.35) after adjusting for demographics (Table 3). Findings for MAC 

remained statistically significant in our fully adjusted model 3 [1.59 (1.11 – 2.28)] and after 

adjusting for baseline CAC in model 4 [1.48 (1.03 – 2.13)]. There was no statistically 

significant interaction found by age, sex, or race/ethnicity.

After excluding participants with interim AF and CHD (n=1,077), the HR (95% CI) for total 

stroke among participants with MAC progression compared to no MAC progression was 

1.55 (0.96 – 2.48) in our fully adjusted model 3 (Supplemental Table 1). When stratified by 

participants with and without prevalent calcification at baseline (Agatston score>0), we did 

not find any statistically significant associations between AVC or MAC progression and total 

stroke risk (Supplemental Tables 2 and 3).

Ischemic stroke

We observed a total of 167 ischemic strokes during the study interval. Similar to total stroke, 

progression of VC at 1 or 2 sites, compared to no progression, was associated with an 

increased risk of ischemic stroke, but this did not reach statistical significance. After 

excluding participants with non-ischemic stroke events (n=44), the HRs (95% CI) of 

ischemic stroke for progression of VC at one site and two sites compared to no VC 

progression were 1.50 (1.03 – 2.17) and 1.72 (0.88 – 3.35), respectively (p-for-trend=0.02) 

(Table 4). Similar to our analysis for total stroke, associations were not significant in our 

main model 3 (p-for-trend=0.06, Table 4). There was no statistically significant association 

between AVC progression and ischemic stroke in any of the models (p>0.05, Table 3). 

However, progression of MAC was associated with ischemic stroke. In our main model, the 

HR (95% CI) of ischemic stroke among participants with MAC progression was 1.64 (1.10 – 

2.45). This also remained statistically significant after adjusting for baseline CAC (Table 3). 

However, after excluding participants with interim AF and CHD, the HR (95% CI) for 

ischemic stroke was 1.57 (0.93 – 2.65) among participants with MAC progression 

(Supplemental Table 1). We did not find any statistically significant associations between 

AVC or MAC progression and ischemic stroke risk among participants with and without 

prevalent AVC or MAC at baseline (Supplemental Tables 2 and 3). Similarly, there was no 

significant interaction found by age, sex, or race/ethnicity for the associations between VC, 

AVC, and MAC progression and ischemic stroke.

Discussion

In this prospective community cohort study of individuals free from stroke at baseline, we 

found that the risk of total and ischemic stroke was higher, with a greater number of sites 

with VC progression, but this finding did not reach statistical significance in the overall 

cohort. Of note, over this relatively short period of 2.4 years, only 15% of participants 

experienced VC progression in 1 site, and only 3% in 2 sites. We however found that MAC 
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progression was associated significantly with increased risk of total and ischemic stroke 

independent of ASCVD risk factors and baseline CAC when compared to participants 

without MAC progression. On the other hand, AVC progression was not associated with 

total or ischemic stroke.

Though we had initially hypothesized that VC progression in either valve bed would be a 

marker of worsening subclinical atherosclerosis and similarly associated with stroke, our 

findings suggest that MAC progression plays a greater role in stroke risk than AVC 

progression. A prior MESA study by O’Neal et al.8 found MAC progression to be associated 

with increased risk of incident AF while another MESA study showed that baseline MAC 

was a better predictor of total and ischemic stroke risk compared to AVC.11 Taken together, 

these studies, in addition to ours, highlight the role of MAC as a whole, baseline and 

progression, in predicting stroke risk. In addition, a median of 2.4 years may not have been a 

sufficient period to provide a clinically meaningful impact on stroke risk when assessing 

multiple valve sites (AVC and MAC) together. It is also possible that the mechanism of 

stroke risk associated with VC may vary amongst the different valve sites.

Several other mechanisms, such as cardio-embolism resulting from increased plaque burden, 

have been suggested to link MAC to stroke, aside from AF risk, and to share similar risk 

factors between MAC and stroke such as increasing age and hypertension.13, 25 Perhaps 

MAC is a marker of subclinical left atrial fibrosis or dysfunction that may increase the risk 

of left atrial thrombus formation.8 It is still unknown if the use of systemic anticoagulation 

and/or antiplatelets may reduce stroke risk in individuals with MAC. In the Framingham 

study, MAC presence as determined by echocardiography was shown to be associated with 

double the risk of stroke in the absence of AF.13 Perhaps interventions aimed at preventing 

MAC formation and progression may as well reduce stroke risk.

In our sensitivity analyses, excluding participants with interim AF and CHD, we found that 

the increased risk of total and ischemic stroke associated with MAC progression persisted in 

our demographic adjusted models and was lost after further adjustment for ASCVD risk 

factors. These observations may suggest that the associations were not only limited to 

MAC’s association with AF and CHD. We were also unable to show significant associations 

in our analyses involving participants with and without prevalent calcification at baseline 

(Agatston unit> 0). This may have been due to a lack of statistical power for subgroup 

analysis. We did note that among participants with prevalent calcification, there appeared to 

be an increased risk of both total and ischemic stroke among AVC and MAC progressors. 

This may suggest that the risk of stroke is increased once VC is established and is 

independent of the rate of progression. However, among individuals without baseline MAC, 

incident MAC was also suggestive for some increased stroke risk. Again, this may provide 

credence to the role of MAC as a whole in stroke risk prediction.

Limitations and strengths

Our study has some limitations worthy of mention. First, our observational study results may 

be prone to residual confounding. However, we did adjust for a number of covariates known 

to be associated with stroke risk. We also excluded interim AF and CHD in our sensitivity 

analysis. Second, our analysis assumed that the risk within the groups of progressors and 
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non-progressors was homogenous. For example, among progressors, some individuals 

progressed from a zero score to a non-zero score, whereas others with prevalent VC with 

Agatston scores >0 at baseline just progressed further, and this risk might be different. 

However, we attempted to conduct a separate analysis in participants with and without 

prevalent calcification. Third, our findings may be limited by multiple testing given the 

multiple presentations of the composite exposure, different hierarchical models, and two 

stroke types evaluated.

On the other hand, our study has a number of important strengths. First, to our knowledge, 

this is the first study exploring the impact of VC progression on stroke risk in an ethnically 

diverse group of individuals. We utilized the well-characterized MESA cohort and could 

take into account a number of risk factors and potential confounders. Second, we provide 

some insight into the possible associations between VC progression and stroke beyond AF 

risk and ASCVD risk factors.

Conclusions

We found that the progression of MAC over 2.4 years was associated with increased risk of 

total and ischemic stroke over a median of 12 subsequent years. Further studies should 

confirm these associations in other populations and evaluate whether interventions aimed at 

reducing the risk of VC progression, most especially MAC progression, can impact the risk 

of stroke or whether the use of systemic anticoagulants or antiplatelets may reduce stroke 

risk in individuals with MAC progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We examined valve calcium progression with stroke risk in multiethnic 

cohort.

• Progression of mitral annular calcium was associated with higher stroke risk.

• This was independent of cardiovascular risk factors and coronary artery 

calcium.

• However, progression of aortic valve calcium was not associated with stroke 

risk.
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Figure 1. 
Flow chart of study participants
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Table 2.

Hazard ratios (95% confidence interval) of incident total stroke associated with number of sites with valvular 

calcification progression, MESA, 2000–2016

Number of left valve sites with progression of calcification
Total / p-for-trend

No progression One site only (AVC or MAC) Both sites (AVC and MAC)

N (row %) 4571 (82.5%) 823 (14.9%) 145 (2.6%) 5539

Total stroke; n (%) 150 (3.3%) 50 (6.1%) 11 (7.6%) 211 (3.8%)

Person-years 52774 8299 1390 624623

Incidence rate 
a
 (95% CI) 2.84 (2.42 – 3.34) 6.02 (4.57 – 7.95) 7.91 (4.38 – 14.29) 3.38 (2.95 – 3.87)

Model 1 1 (reference) 1.41 (1.01 – 1.97) 1.52 (0.81 – 2.86) 0.03

Model 2 1 (reference) 1.39 (0.99 – 1.94) 1.58 (0.84 – 2.97) 0.03

Model 3 1 (reference) 1.31 (0.94 – 1.84) 1.45 (0.77 – 2.74) 0.08

Model 4 1 (reference) 1.23 (0.88 – 1.73) 1.33 (0.70 – 2.51) 0.18

AVC= aortic valve calcium; MAC= mitral annular calcium.

Fonts in bold are statistically significant, p<0.05.

a
Incidence rate is unadjusted and per 1,000 person-years

Model 1: age, race/ethnicity, sex, MESA site, CT scanner type, and time between baseline and follow-up CT.

Model 2: Model 1+ educational status, BMI, smoking status, pack-years of smoking, and physical activity.

Model 3: Model 2 + systolic blood pressure, diastolic blood pressure, use of antihypertensives, use of lipid lowering medications, total cholesterol, 
HDL-cholesterol, LDL-cholesterol, diabetes status and eGFR.

Model 4: Model 3 + baseline coronary calcium.
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Table 3.

Table3. Hazard ratios (95% confidence interval) of incident total and ischemic stroke associated with 

progression of valvular calcification, MESA, 2000–2016

Progressors vs non-progressors

Aortic valve calcium Mitral annular calcium

Total stroke, n (%)Progressors vs non-progressors 31 (5.6) vs 180 (3.6) 41 (7.4) vs 170 (3.4)

N Progressors vs non-progressors 556 vs 4983 557 vs 4982

Model 1 1.11 (0.75 – 1.64) 1.64 (1.15 – 2.35)

Model 2 1.10 (0.74 – 1.62) 1.66 (1.16 – 2.38)

Model 3 1.02 (0.69 – 1.52) 1.59 (1.11 – 2.28)

Model 4 0.96 (0.65 – 1.44) 1.48 (1.03 – 2.13)

Ischemic stroke, n (%)Progressors vs non-progressors 27 (4.9) vs 140 (2.8) 34 (6.2) vs 133 (2.7)

N Progressors vs non-progressors 552 vs 4943 550 vs 4945

Model 1 1.20 (0.78 – 1.83) 1.74 (1.17 – 2.58)

Model 2 1.17 (0.77 – 1.80) 1.73 (1.16 – 2.57)

Model 3 1.07 (0.70 – 1.64) 1.64 (1.10 – 2.45)

Model 4 1.01 (0.66 – 1.55) 1.53 (1.02 – 2.29)

Fonts in bold are statistically significant, p<0.05.

Model 1: age, race/ethnicity, sex, MESA site, CT scanner type.

Model 2: Model 1+ educational status, BMI, smoking status, pack-years of smoking, and physical activity.

Model 3: Model 2 + systolic blood pressure, diastolic blood pressure, use of antihypertensives, use of lipid lowering medications, total cholesterol, 
HDL-cholesterol, LDL-cholesterol, diabetes status and eGFR.

Model 4: Model 3 + baseline coronary calcium.

Progressors: participants with >0 Agatston units of change/year between CT scans

Non-progressors: participants with ≤0 Agatston units of change/year between CT scans

Atherosclerosis. Author manuscript; available in PMC 2021 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fashanu et al. Page 17

Table 4.

Hazard ratios (95% confidence interval) of incident ischemic stroke associated with number of sites with 

valvular calcification progression, MESA, 2000–2016

Number of left valve sites with progression of calcification
Total / p-for-trend

No progression One site only (AVC or MAC) Both sites (AVC and MAC)

N (row %) 4537 (82.6%) 814 (14.8%) 144 (2.6%) 5495

Ischemic stroke; n (%) 116 (2.6%) 41 (5.0%) 10 (6.9%) 167 (3.0%)

Person-years 52533 8235 1381 62149

Incidence rate 
a
 (95% CI) 2.21 (1.84 – 2.65) 4.98 (3.67 – 6.76) 7.24 (3.90 – 13.46) 2.69 (2.31 – 3.13)

Model 1 1 (reference) 1.50 (1.03 – 2.17) 1.72 (0.88 – 3.35) 0.02

Model 2 1 (reference) 1.45 (1.00 – 2.11) 1.74 (0.89 – 3.41) 0.02

Model 3 1 (reference) 1.34 (0.92 – 1.96) 1.60 (0.82 – 3.13) 0.06

Model 4 1 (reference) 1.26 (0.86 – 1.84) 1.46 (0.74 – 2.87) 0.14

AVC= aortic valve calcium; MAC= mitral annular calcium

Fonts in bold are statistically significant, p<0.05.

a
Incidence rate is unadjusted and per 1,000 person-years

Model 1: age, race/ethnicity, sex, MESA site, CT scanner type, and time between baseline and follow-up CT.

Model 2: Model 1+ educational status, BMI, smoking status, pack-years of smoking, and physical activity.

Model 3: Model 2 + systolic blood pressure, diastolic blood pressure, use of antihypertensives, use of lipid lowering medications, total cholesterol, 
HDL-cholesterol, LDL-cholesterol, diabetes status and eGFR.

Model 4: Model 3 + baseline coronary calcium.
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